Background: Much of the research on high-cost patients in healthcare has taken a static approach to studying what is actually a dynamic process. High-cost patients often utilize services across multiple sectors along care pathways, but due to the cross-sectional nature of many study designs, we lack a clear understanding of the temporal relationship between high-cost spending in community and acute care. Studying care trajectories for high cost patients with cardiovascular disease (CVD) can shed light on the dynamic interplay between communitybased and acute care along the care continuum, and provide information about signals in community care that may indicate future elective and urgent hospitalizations. Methods: Using linked health administrative data in Ontario, Canada, 74,683 incident cases with cardiovascular disease were identified between the years 2009 and 2011. Patients were followed for 36 months (total study duration 2009-2014) until the first urgent or elective admission to hospital for a heart-related condition. We used an extended Cox survival model with competing risks to study the relationship between high-cost spending in community care with two mutually exclusive outcomes: urgent or elective hospitalizations. Results: Elective hospitalizations were most clearly signaled by a high-cost utilization of community-based specialist services in the month prior to hospital admission (hazard ratio 9.074, p < 0.0001), while urgent hospitalizations were signaled by high cost usage across all community-based sectors of care (from general practitioner & specialist visits, home care, laboratory services and emergency department (ED) usage). Urgent hospitalizations were most clearly signaled by high cost usage in ED in the month prior to hospital admission (hazard ratio 2.563, p < 0.0001). Conclusion: By studying the dynamic nature of patient care trajectories, we may use community-based spending patterns as signals in the system that can point to future and elective hospitalizations for CVD. These community-based spending signals may be useful for identifying opportunities for intervention along the care trajectory, particularly for urgent CVD patients for whom future hospitalizations are difficult to anticipate.
Background
Much of the research on high-cost patients in healthcare has taken a static approach to studying what is actually a dynamic process [2, 8, 13, 33] . High-cost patients often utilize services across multiple sectors along care pathways [11, 37] , but due to the cross-sectional nature of many study designs, we lack a clear understanding of the temporal relationship between high-cost spending in community and acute care. Health system reform efforts generally operate under the assumption that well integrated community-based care can serve to reduce expensive hospital visits [22, 25, 27] , however the dynamic nature of this relationship is not well understood. Does high-cost utilization of community-based services serve as a protective function in reducing hospital admissions, or does high-cost utilization in the community signal an increased risk of hospitalization? Studies that examine these questions can shed light on the way that community based services may signal difficult-to-predict hospitalizations and advance the research by pointing to areas along the care trajectory where medical interventions could reduce the likelihood of future avoidable hospitalizations [16, 17, 26, 32] .
At 7 billion dollars in direct healthcare costs per year, cardiovascular disease (CVD) represents one of the most costly diseases for the Canadian healthcare system [7, 29, 30] . CVD patients often have complex needs and utilize general practitioner (GP) services, specialists, home care, lab services and emergency departments (ED) within the community accordingly [12, 34, 37] . Community-based care pathways for CVD patients are often dependent upon whether their hospital admission type is urgent or elective [9] . Elective hospitalizations, which include non-emergency procedures to improve blood flow or heart function [3, 36] , can be scheduled according to patient and physician convenience [10] . Elective patients are generally expected to encounter preplanned community-based diagnostic tests and examination procedures in the months prior to the hospital admission [28] . Less in known however, about community-based utilization patterns prior to urgent hospitalizations, where unpredicted level of illness and urgent timelines may limit the opportunities for scheduling community-based encounters prior to hospitalization [9] . The purpose of this study was two-fold: 1) to examine the general patterns of high cost utilization in the community for urgent and elective CVD care trajectories, and 2) to assess the dynamic relationship between high-cost spending in the community as an indicator of urgent and elective acute care admissions in a cohort of CVD patients in Ontario, Canada.
Methods

Cohort
This retrospective study used linked health administrative databases to identify the complete population of newly diagnosed CVD patients (2009 to 2011) between the ages of 40 and 105. Patients were required to be residents of Ontario, have a valid health insurance number, and be identified with a first time CVD diagnosis for at least of one the following conditions: acute myocardial infarction, cardiac arrhythmia, chronic heart failure, stoke or chronic coronary syndrome (see [20] for the validated set of International Classication of Disease (ICD-10) codes and Ontario Health Insurance Plan (OHIP) diagnosis codes that were used to identify these CVD conditions). To be identified as a case in the cohort, patients had to have at least one acute hospitalization and/or at least two diagnoses recorded in doctor's offices within the 2 year period. If one of these criteria was satisfied, the earliest healthcare encounter date became the time of index CVD diagnosis [5, 14, 15, 20, 23] . Incident cases were established by examining previous diagnosis codes in OHIP and hospital discharge records for up to 10 years prior to the index CVD event.
Patients were followed for up to 36 months from index diagnosis with a study end date of March 2014.
Data sources
Ontario health administration data housed at the Institute for Clinical Evaluative Sciences (ICES) were used in this analysis. Data were linked anonymously using unique encoded identifiers at the patient level. The Canadian Institute for Health Information (CIHI) Discharge Abstract Database (CIHI DAD) contains all hospital discharges in Ontario. The OHIP billing database contains all community-based healthcare services including physician visits and laboratory services. The Home Care Database contains all home care visits in Ontario. The CIHI National Ambulatory Care Reporting System contains all emergency department visits in Ontario [18] . The Registered Persons Database was used to identify patient demographics and patient deaths [18] . The Johns Hopkins ACG® System Version 10 was used to determine a comorbidity score.
Statistical approach
Time-to-event survival modelling was used to examine the way in which high cost community-based spending for GP care, specialist care, home care, laboratory services and ED care were predictors of urgent and elective hospital admissions for CVD along the care pathway.
Outcome measure
The outcome measure of interest was the time to a heart-related hospital admission (either urgent or elective), following the index event diagnosis. The date of admission to hospital served as the date at which the outcome occurred.
Independent Measures: Survival models contained time constant and time-varying covariates. Time constant variables included patient rural/urban residence, patient socioeconomic status (area based measure) [24] , an ACG® System Aggregated Diagnosis Groups (ADGs) comorbidity score [19] equal to the sum of the ADGs, and a set of baseline comorbidities commonly associated with cardiovascular disease including diabetes, hypertension, chronic obstructive pulmonary disease, renal failure and mood disorders [4, 20] . Time-varying covariates included monthly community-based costs for GP visits, specialist visits, home care and laboratory services and ED visits. Costs for each of these community-based services, discounted to the nominal base year, were calculated for each month of follow up based on the %getcost macro developed at ICES [37] . High cost utilization of community care was identified at the 95th percentile of total monthly spending for each category of care: GP physician visits, specialist visits, home care, laboratory services and ED visits. Patients were coded as having a high-cost utilization (coded as a binary variable (0 -low cost, 1 -high cost) in each month of follow up along the care trajectory until the hospitalization event occurred, the patient died or the follow up period ended.
Dynamic models
An extended Cox survival model using competing risks was used to conduct the time-to-event analysis with time-constant and time-varying covariates [1] . A competing risk model allowed for the examination of two mutually exclusive hospitalization outcomes: urgent or elective hospitalization admissions. A 1 month time lag between community-based spending and hospitalization was built into the analysis in order to correct for potential reverse causation [1, 35] . Patients who died within their follow up window were right censored. All independent variables were assessed using a univariate chi-square analysis for inclusion in the model (p < 0.01).
The proportional hazards assumption was tested using Schoenfeld residuals. Age group and sex were found to violate proportionality [1] however sensitivity testing showed consistent patterns between community-based spending and hospitalization across the age and sex groups for both urgent and elective hospitalizations. Other sensitivity testing included rerunning the models with a 2 month lag, and a one and 2 month lag combined. In all cases, the 1 month lag which was selected as the time varying approach in the final model had the strongest association to the outcome. Ties were dealt with using the Effron tied method [1] . Hazard ratios were used to measure the instantaneous rate of hospital admission at any time (t) along the patient trajectory [31] . The use of data in this project was authorized under section 45 of Ontario's Personal Health Information Protection Act. Table 1 presents patient characteristics for the complete cohort and for patients with urgent and elective hospitalization outcomes. A total of 74,683 patients were included in the analysis. With an average age of 67 years, 52% of the patients were male, and 10% lived in a rural community. Most patients were part of a primary care model associated with a health team rather than solo-practice physician (79%), the cohort had an average ADG score of 7.5 and 15% died during the follow-up period. The majority of patients had no hospitalization event during the follow up period (75%), 2% had an elective hospitalization and 8% had an urgent hospitalization. The proportion of CVD specific diseases and co-morbid illness were consistent with previous research [12, 20] . Chronic coronary syndrome and arrhythmias were most common at 46% and 31% respectively. Hypertension and diabetes were the most common comorbidities at 65% and 27% respectively. Urgent patients were generally older and sicker than elective patients (with average ages of 72 versus 64 years respectively, p < 0.0001). Urgent patients had more comorbidities than elective patients (average ADG score 7.8 versus 6.7 respectively, P < 0.0001), had higher rates of every baseline CVD condition (with the exception of coronary syndrome), and higher rates of specific baseline comorbidities. Table 2 presents monthly cost distributions for each of the five community-based care categories of spending: GP, specialist, home care, laboratory and ED. All cost distributions were highly right skewed. In the case of ED, home care and lab services, the distributions were also zero-inflated, as many patients did not incur a cost in each of these healthcare categories every month. As a result of these zero-inflated, highly skewed distributions, costs at the 95th percentile were selected to indicate a high-cost month. High cost spending thresholds were set at any monthly patient cost exceeding $147 for GP care, $584 for specialist care, $274 for home care, $87 for laboratory services, and $115 for ED care based on monthly costing distributions (Canadian dollars). Figure 1 presents the high cost spending patterns in community-based care for 6 months prior to the elective or urgent hospitalizations. The graph demonstrates a general increase in high-cost spending across all community-based sectors in the months leading up to the hospitalization, however elective and urgent care trajectories had several important distinctions. Elective trajectories had a stark signal related to high-cost specialist use in the month prior to hospitalization. Alternatively, urgent trajectories showed a more consistent high cost utilization pattern across all forms of community-based care. For urgent cases, the most apparent high-cost signal was in ED use in the month prior to hospitalization. Table 3 presents the results of the extended Cox survival models for community-based spending as time-varying predictors of urgent and elective hospitalizations. In the case of elective hospitalizations, high-cost spending in specialist care, home care and ED care in were significant predictors of hospitalization, while high-cost spending in GP care and laboratory services were not. For elective hospitalizations, the clearest signal in the system was high-cost specialist care with a hazard ratio of 9.07 (p < 0.0001). Home care and ED actually appeared to have a small but significant protective effect with hazard ratios at 0.55 (p = 0.0002) and 0.78 (p = 0.0246) respectively.
Results
Conversely, for urgent hospitalizations, the high-cost signals in community-based spending were significant for all sectors of spending but they were much more equally distributed across all sectors of community care. High-cost emergency department usage had the largest signal with a hazard ratio of 2.56 (p < 0.0001), while high-cost GP, specialist, home care and lab usage had smaller but significant hazard ratios (at 1.16 (p = 0.0008), 1.46 (p < 0.0001), 1.38 (p < 0.0001) and 1.20 (p < 0.0001) respectively).
Discussion
The dynamic relationship between community and acute sectors of care is a growing part of the 'integrated care' policy discourse focused on the reduction of health system costs, the delivery quality care and the improvement of patient health outcomes [6] . Studies that examine high-cost use within healthcare at a point in time can fail to grasp the temporal nature of high-cost use and the way that community-based care may be leveraged to help signal and prevent future high-cost hospitalizations. This study demonstrated that there were distinct patterns of community-based high-cost care for CVD patients that were dependent upon elective or urgent care trajectories. Elective hospitalizations were most clearly signaled by a high-cost utilization of community-based specialist services in the month prior to hospital admission, while urgent hospitalizations were signaled by high-cost usage across all community-based care, with a specific signal in high cost utilization of ED. By studying the dynamic nature of patient care trajectories, it is possible that these community-based spending patterns could serve as signals in the system that could point to opportunities for intervention along the CVD care trajectory. For example, regular tracking of high cost ED spending by health systems planners and managers could be used to identify patients requiring more rigorous home care visits and primary care follow up, in order to intervene along the care pathway and reduce potentially avoidable future urgent care admissions [16] . According to discharge abstract coding standards, elective hospitalizations refer to admissions for interventions that are planned for and scheduled in advance of the hospital admission [10] . .Elective procedures for CVD range from minimally invasive (e.g. angioplasty) to very invasive (e.g. coronary artery bypass grafting), but in every case there is a planned and anticipated link between the clinical level of need and the corresponding level of care/treatment [21, 28] . In these cases, practice guidelines dictate an expected higher use of specialist services in the community in preparation for the elective hospital procedure [3, 28, 36] . The results of this analysis confirmed this relationship, finding that for elective patients, high-cost visits to specialists were a clear signal in the system with a hazard ratio of 9.07. Although this analysis did not drill down into the types of services that make up the high cost specialist visits, as a macro-level signal, spending on specialists appeared to be consistent with anticipated patterns between community-based care and acute care elective CVD patients.
One the other hand, urgent care patients present a more complex problem. By definition, an urgent hospitalization occurs when a patient is admitted for a life-threatening condition and/or requires immediate treatment that cannot be accommodated or anticipated by a scheduled visit [10] . .Urgent patients have traditionally presented a more significant planning challenge for the healthcare system because the clinical need and corresponding treatment is often unanticipated and can therefore not be scheduled [9] . In this case, health system manager's assessments of high-cost spending signals in the community may be particularly informative to help anticipate and prevent future urgent hospitalizations. Furthermore, this knowledge may point to opportunities to intervene along the patient care trajectory in order to reduce or mitigate the need for future urgent hospitalizations altogether. The results of this analysis demonstrated that high-cost spending in virtually every sector of community-based care served as a significant signal for increased the rate of urgent hospitalization. High-cost spending in ED was the strongest signal in community care, flagging that CVD patients with a high-cost ED usage had 2.6 times the instantaneous rate of urgent hospitalization in the following month. Although specific services utilized in ED were not assessed, these findings point to a critical macro level signal -high cost ED usage -as an important predictor of urgent CVD hospitalization. Using this baseline information, future research that considers which interventions at this point along the care trajectory (either within the ED itself or in triggering follow up GP care, pharmaceutical care or others) may best result in avoiding future preventable hospitalizations. A number of limitations warrant consideration. First, data on pharmaceutical spending was not available for most individuals under the age of 65 and therefore was not included in this analysis. As an important part of community care for CVD, from prevention to disease management, future research should study high cost CVD pharmaceutical use as a signal as well as an important potential system intervention. Second, given that this study used an incident cohort of CVD patients, this study may not be generalizable to the prevalence-based population of CVD patients. Third, we opted to examine high-cost signals in community-based care with a 95% threshold cut-off. There may be other ways that spending in community care that would create an even more robust signal. It is most certainly that case that the more narrow the time span for the unit of analysis (we used a monthly unit of analysis in this case), the more precise the signals can become. Future work should examine other ways, both in terms of spending cut-offs and time units of analysis, to model spending signals in the community. Fourth, it is important to note that hazard ratios for extended cox models with competing risks must be interpreted as instantaneous rates and not as instantaneous hazards [31] . And finally high-cost spending, as a proxy for overall intensity of use, represents a macro-level systems approach to studying the dynamic interplay in community and acute care along the continuum. However, specific CVD services (e.g. treatments, diagnostic tests, etc.) that may be important signals were not within the scope of this study. Future work that examines the role of specific services in the community as key predictors of future hospitalizations is also warranted.
Conclusion
High-cost care trajectories for CVD patients can shed light on the dynamic nature of the continuum of care, providing important information about signals in community care that may best indicate elective and urgent hospitalizations. This study adds considerable specificity to existing research that broadly characterizes high-cost, high-needs patients [37] by grounding measurement of appropriate outcomes in a clinically defined population. This type of information is particularly useful for urgent CVD patients for whom future hospitalizations are difficult to plan for and anticipate. 
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